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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonwoven fabric fiber web, to provide an ion 
conductive membrane comprising the nonwoven web, and to use the same for a fuel battery. 
SOLUTION: This nonwoven fabric fiber web comprises a plurality of first amorphous silica 
fibers oriented in the x-direction, the y-direction and, if necessary, the z-direction, and, if 
necessary, bound with one or more binder substances. Therein, one or more continuous 
strands each comprising one or more second amorphous silica fibers are embedded in the 
nonwoven fiber web. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of" this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the nonwoven fiber web which comes to contain two or more first amorphous silica fiber. 
It comes to carry out orientation of said first amorphous silica fiber in the direction of z x directions, the 
direction of y, and if needed. If needed, it comes to band together with a kind or the binder matter 
beyond it, and 1 or the continuation strand beyond it is embedded into said nonwoven fiber web. And 
here The nonwoven web to which each continuation strand is characterized by coming to contain 1 or 
the second amorphous silica fiber beyond it. 

[Claim 2] The nonwoven web according to claim 1 the continuation strand currently embedded into the 
web may be in the same depth, and may be in the different depth, or may be [ web ] those combination. 
[Claim 3] The nonwoven web according to claim 1 or 2 which comes to have the polymer by which 1 or 
the continuation strand beyond it is applied to the front face of the strand, or was ****(ed) in 
SURANDO. 

[Claim 4] A nonwoven web given in any 1 term of claims 1-3 in the range whose diameter of the second 
fiber is 0.1-50 microns. 

[Claim 5] A nonwoven web given in any 1 term of claims 1-4 which is what is chosen from the group 
which the first fiber becomes from continuous glass fiber and a staple fiber. 

[Claim 6] The nonwoven web according to claim 5 whose continuous glass fiber is [ the average die 
length ] longer than 3mm. 

[Claim 7] The nonwoven web according to claim 5 the average die length of whose a staple fiber is a 
less than 3mm thing. 

[Claim 8] Ion conductivity film characterized by this filler matter coming to contain an ion conductivity 
polymer in any 1 term of claims 1-7 coming [ the nonwoven fiber web and filler matter of a 
publication ]. 

[Claim 9] Film according to claim 8 whose ion conductivity polymer is a proton conductivity polymer. 
[Claim 10] Film according to claim 8 or 9 with which the filler matter comes to contain a non-ion 
conductivity polymer further. 

[Claim 1 1] Film given in any 1 term of claims 8-10 to which the filler matter comes to contain a kind or 
the particulate matter beyond it further. 

[Claim 12] Film according to claim 1 1 by which a kind or the particulate matter beyond it is first 
covered with the polymer of an ion conductivity polymer, the hydrophobicity of non-ion conductivity, 
or a hydrophilic property, or a catalyst. 

[Claim 13] Catalyst covering film which comes to contain the film of a publication in any 1 term of 
claims 8-12. 

[Claim 14] The membrane electrode assembly which comes to contain the film of a publication in any 1 
term of claims 8-12. 

[Claim 15] The fuel cell which comes to contain the film of a publication in any 1 term of claims 8-12. 
[Claim 16] The fuel cell which comes to contain the catalyst covering film according to claim 13. 
[Claim 17] The fuel cell which comes to contain a membrane electrode assembly according to claim 14. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Background of the Invention] Field this invention of invention relates to the membrane electrode 
assembly which comes to contain the film which consists of a new nonwoven fiber web which has a 
continuous strand for reinforcement, and this web, and this film. Altogether, these are applied to 
electrochemical equipment as it is used for a fuel cell. This invention relates to the manufacture 
approach of this web, the film, and a membrane electrode assembly again. 

[0002] Fundamentally, a background technical electrochemical cell always comes to contain the 
electrolyte of a solid-state or a liquid, and two electrodes, an anode plate and cathode. A necessary 
electrochemical reaction occurs with these electrodes. A fuel cell is an energy conversion machine 
which transforms efficiently into electric energy the chemical energy in which the fuel for a cell was 
stored, and generates power by combining the hydrogen currently stored as a gas, or the methanol and 
oxygen which are stored as a liquid or a gas. This hydrogen or methanol oxidizes in the anode plate of a 
fuel chemical cell, and oxygen is returned in cathode, the reagin and/or the product of a gas [ these 
cells ] - the inside of the cell electrode structure -- and/or, you have to make it spread outside For the 
reason, an electrode is specially designed to porosity in order to diffuse a gas, consequently it makes the 
optimal contact to the reactive site in an electrode, and makes a reaction rate the highest. The electrolyte 
which must touch two electrodes in order to maintain electric contact in a fuel cell may be acid or 
alkaline a liquid or a solid-state. Also in a series of commercial scenes containing the object for 
immobilization, or a portable power unit, it is more efficient and a proton exchange film fuel cell 
(PEMFC) is a fuel cell of the most suitable type applied widely as a substitute of the internal combustion 
engine of transportation as a power generating technique with little emission. PEMFC — setting - a fuel 
- hydrogen -- be -- a methanol -- be -- an electrolyte is a solid-state poly membrane of proton 
conductivity which generally uses the perfluoro-sulfonic-acid matter as the base. 

[0003] In PEMFC, the lamination laminating structure made from the film and two electrodes is known 
as a membrane electrode assembly (MEA). Although this MEA consists of several layers typically, 
generally it can be considered to consist of five layers fundamentally. These layers are mainly defined 
by those functions. In order to bring the rate of necessary electrode reaction forward, the electrode 
catalyst the object for anode plates and for cathode is included in each membranous field, respectively. 
If it is in contact of each layer including an electrode catalyst, this layer comes to contact the film in that 
opposite side, and each layer is an anode plate gaseous diffusion base material layer and a cathode 
gaseous diffusion base material layer. An anode plate gaseous diffusion base material is porosity, and in 
order to make electrochemical oxidation of hydrogen or a methanol into max, the hydrogen or the 
methanol which is reagin enters from the reagin fuel-supply side of this base material, it passes along a 
base material after that, and it is designed so that it may be spread in a layer including the electrode 
catalyst which generally uses a platinum metal as the base. The anode plate electrode catalyst bed is 
designed also so that the same electrode catalytic-reaction part may be contacted again and a proton 
conductivity electrolyte may be included on a certain level. When an acid electrolyte is used, the product 
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of an anodic reaction is a proton and this is efficiently carried to catholyte through an electrolyte after 
that from an anodic reaction part. A cathode gaseous diffusion base material is also porosity, and oxygen 
or air goes into this base material, and it is designed so that it may be spread in the reactive site of an 
electrode catalyst bed. A cathode electrode catalyst combines a proton and oxygen, makes water 
generate, and it is designed so that the same electrode catalytic-reaction part may be contacted and a 
proton conductivity electrolyte may be included on a certain level. The water which is a product must be 
diffused and left from the cathode structure after that. The structure of cathode must be designed so that 
the water which is a product may be removed efficiently. If water collects all over cathode, it will 
become difficult for the oxygen which is reagin to be spread in a reactive site, and, for the reason, the 
engine performance of a fuel cell will fall. In PEMFC which uses a methanol as a fuel, since water is 
contained in the methanol, additional water exists. This water is carried to a cathode side from an anode 
plate side through the film. It is necessary to remove the water whose amount increased in cathode. 
However, if water is superfluously removed from the cathode structure when a proton conductivity film 
electrolyte is used, the film may dry and the engine performance of a fuel cell will also fall. 
[0004] MEA can be assembled by some approaches and can be completed. An electrode catalyst bed can 
be stuck on one field of a gaseous diffusion base material, and what is known as a gaseous diffusion 
electrode can be made. Then, MEA is made combining these two gaseous diffusion electrodes and the 
solid-state film of proton conductivity. Or MEA may be formed from two porous gaseous diffusion base 
materials and the proton conductivity solid-state poly membrane (henceforth the catalyst covering film 
or CCM) which gave the catalyst to both sides. Moreover, you may make from the solid-state polymer 
of proton conductivity which gave the catalyst to the side which faces one gaseous diffusion electrode, 
one gaseous diffusion base material, and this gaseous diffusion base material in MEA. 
[0005] Conventionally, the proton conductivity film electrolyte of the solid-state used for PEMFC or 
other equipments is chosen from the fault fluorination film currently sold by the trade name of Film 
(E.I.DuPont de Nemours and Co.) R, for example, Nafion, commercial ASHIPU REXX R (Asahi 
Chemical), and the commercial deflection myon R (Asahi glass incorporated company). In PEMFC, the 
ion conductivity of a high level has been typically obtained for membranous thickness as 200mm or less. 
However, it is necessary to set membranous thickness to less than 50mm preferably less than 100mm in 
the fuel cell of the high power density which progressed. Such film is asked also for the water of a high 
level existing in the film, in order to carry out hydration of the proton efficiently and to acquire high 
proton conductivity. Change of the dimension produced as membranous water (hydration) level changes 
is a big problem at the time of assembling MEA. It is because the stress produced by change of 
hydration at the heat adhesion process of being used ordinarily may become so large that adhesion 
between a catalyst, the film or a catalyst, and a base material is destroyed. Moreover, by change of the 
dimension produced by change of membranous hydration level, in case MEA with a large (for example, 
larger 500cm than 2) area is assembled, the handling of the film becomes quite difficult. Handling 
becomes difficult, so that the film is thin. 

[0006] In order to deal with these problems, the bipolar membrane structure was made. It was developed 
for [ other ] applications and depended, and in order to suppress change of such a dimension to the 
minimum, "macroscopic" reinforcing materials like the woven polytetrafluoroethylene (PTFE) were 
incorporate into the film thick type (for example, > 350mm). However, these thick ingredients have ion 
conductivity too low for using for PEMFC. W. The thickness it is thin on the specifications of U.S. Pat. 
No. 5,547,551 transferred to L.Gore & Associates Inc. from mixing the proton conductivity polymer 
matter into the porous PTFE film made to foam is indicated about manufacture of the bipolar membrane 
25mm or less of a super-thin shape. Kolde, et aL, Electrochemical Society Proceedings, Vol.95-23, and 
p. 193-201 (1995) If it depends, this bipolar membrane has the very small fall of the tension strength at 
the time of hydration compared with the film with which usual is not reinforced, and, moreover, 
dimensional stability is improved very much. However, specific resistance is twice [ at least ] as high as 
pure proton conductivity film [ like Nafion Rl 17 ] whose ingredient of this is and which has not 
denaturalized (ion conductivity is low). 

[0007] saying [ that the specific resistance of the above-mentioned bipolar membrane is high ] - the 
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conductivity as the whole — therefore, it means that bipolar membrane must be much thinner than the 
pure corresponding proton conductivity film in fact in order to keep the cell engine performance the 
same. However, if the thickness of bipolar membrane is reduced, the advantage which bipolar 
membrane can bring about will decrease. For example, since endurance and a life may become short and 
the gas which is reagin becomes easy to be interwoven with each other through the film, when the film 
is made thin, consequently since each of these is connected with cell performance degradation, there is a 
limitation in reducing membranous thickness. Moreover, the problem about the dimensional stability 
and handling nature at the time of a MEA assembly may get worse, when the thin film is used. Using a 
thermoplastic polymer for making complex also means that it will flow out during a MEA assembly if 
both an ion conductivity polymer and the polymer for reinforcement require **. 
[0008] E. the [ of I.DuPont de Nemours and Co. / international patent application ] - the approach of 
having a mechanical strength without something to say in WO 95/No. 16730 specification, and having 
the very small ion conductivity-proof near the ion conductivity-proof of the moreover very thin 
perfluoro-ion-exchange poly membrane which is not reinforced which makes the strengthening film of 
non-porosity substantially is indicated. A porous hydrocarbon base material like polyolefine is used for 
this bipolar membrane, and one [ at least ] field of that base material is covered with the ion-exchange 
film made from the fluorination polymer. However, since the thermoplastic polymer was used for 
making the reinforcement member of complex, possibility of becoming thin partially increased also here 
as a result of the plastic flow which occurs during a MEA assembly. 

[0009] In order to make PEMFC into the power source which can be performed commercially in the 
application of the large range, a millions of square meters ingredient can be manufactured by the low 
price, and the manufacture approach of the film which can moreover give a specific structure property to 
an ingredient according to each application is needed. One of the latest approaches to the bipolar 
membrane structure which cannot sacrifice ion conductivity but which can moreover be used as the thin 
film (200 microns or less) uses [ which embedded the ion conductivity polymer ] the porous base 
material which makes a nonwoven fiber a matrix (European Patent application 0 875th s524ANo. 2). the 
[ PCT patent application ] - the [ GB 99/No. 02935 and ] - changing the structure of a fiber matrix 
further as indicated by each specification of GB 99/No. 03277 - the property of the final film - more - 
****__ ^ became possible to control with ****. However, in order to manufacture the film very in large 
quantities, the mass reel-reel method must be developed. It is because the reel-reel method is approach 
most desirable although the film is manufactured. Therefore, it is necessary to make as a continuous 
sheet (web) of an ingredient with sufficient reinforcement to machine a porous fiber structure object at a 
comparatively early rate. Since they have an open structure, thickness is limited and the web typical type 
indicated as the above-mentioned object for applications consists of moreover comparatively weak 
ingredients, its tension strength is small. In many applications, the film 100 microns or less is actually 
one desirable option as conditions for which a fiber web thinner than the film with final thickness is 
asked. Therefore, it is thought required for the application as which high power density is required for 
the thickness of a fiber web to be 50 microns or less. Therefore, the purpose of this invention is 
conquering the fault of the porous fiber web by which current use is carried out to membranous 
manufacture. Another purpose of this invention is offering the approach for manufacturing the fiber web 
of this invention, and the method of being high yield moreover and manufacturing a fiber web at a low 
unit price in large quantities, especially, as a desirable single continuous magnetization method. Still 
more nearly another purpose of this invention is offering the approach for being high yield moreover and 
manufacturing the film at a low unit price in large quantities. 
[0010] 

[Summary of the Invention] Therefore, this invention is a nonwoven fiber web which comes to contain 
two or more first amorphous silica fiber. It comes to carry out orientation of said first amorphous silica 
fiber in the direction of z x directions, the direction of y, and if needed. If needed, it comes to band 
together with a kind or the binder matter beyond it, and 1 or the continuation strand beyond it is 
embedded into said nonwoven fiber web. And here The nonwoven web to which each continuation 
strand is characterized by coming to contain 1 or the second amorphous silica fiber beyond it is offered. 
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[001 1] Although the quartz of a crystalline substance is distinguished for the amorphous silica used for 
the web by this invention, the word of a "quartz" and a "silica" has the inclination to be used by mixing 
up in industrial ****. although both are silicon dioxides chemically - a quartz - the form of a crystal - 
it is — being hard ~ weak — on the other hand - the matter (amorphous silica used for the base material 
of this invention) of a fiber — nature - or the property similar to the glass which it is made from the 
compounded quartz, is amorphous, and does not have the crystal structure --****-- it is. 
[0012] 1, 1 of the continuous strand beyond it, or the second fiber beyond it may be single fiber, and 
may be two or more fiber in the gestalt of a tow or yarn. Synthetic fibers are essentially collected in 
parallel before spinning, and a tow is a twisted continuous strand with which yarn consists of 2 or fiber 
beyond it. When embedding 2 or the strand beyond it in the layer under the front face of a web, even if 
the fiber in each continuation strand is single fiber, it may be two or more fiber in the gestalt of a tow or 
yarn, or may be those combination. 

[0013] The first fiber is appropriately chosen from the group which consists of combination of 
continuous glass fiber and a staple fiber or continuous glass fiber, and a staple fiber. Average die length 
of continuous glass fiber is longer than 3mm, and it is suitable for the greatest average die length that it 
is 50mm. The desirable average die length of fiber is 5-30mm. The diameter of continuous glass fiber is 
0.2-25 microns typically, and is 2-20 microns preferably. Average die length of a staple fiber is a 1mm 
thing preferably less than 2mm suitably less than 3mm. The minimum die length of a staple fiber is 50 
microns, and is 100 microns preferably. The diameter of a staple fiber is 0.1-20 microns typically, and is 
0.4-10 microns preferably. 

[0014] The first fiber in a nonwoven fiber web is summarized with a kind or the binder matter beyond it 
("finishing binder"). This binder matter may be an inorganic metallic oxide like a high polymer or a 
silica. It is based on the binder matter to be used, and the binder matter may contribute also to the 
essential film property of MEA called a motion of the water in the film. The example of such binder 
matter is as follows. 

(i) Non-ion conductivity polymer (for example, polytetrafluoroethylene (PTFE), fluorinated ethylene 
propylene (FEP), 2 fluoride poly vinylidene (PVDF), VITON A, polyethylene, polypropylene, an 
ethylene-propylene); 

(ii) Ion conductivity polymer (for example, Nafion R); 

Colloidal silica; (iii) It is the metallic oxide and metal hydroxide (for example, a zirconia and a titania) 
of (iv) and others to a list.; 
Or all those combination. 

[0015] A continuation strand or each continuation strand is embedded in the layer under the front face of 
a nonwoven fiber web. When there are two or more continuation strands, each continuation strand may 
be in the same depth, may be in the different depth, and may be those combination (namely, difference 
of the direction of z). A continuation strand is what kind of sense, and can be used at any spacing. The 
continuation strand has applied the combination of a kind, the polymer of non-ion conductivity beyond 
it, a kind, the ion conductivity polymer beyond it, or these two sorts of polymers on the surface of the 
strand, or may be made to have ****(ed) it to the strand. The examples of such a polymer are 
polytetrafluoroethylene (PTFE), fluorinated ethylene propylene (FEP), 2 fluoride poly vinylidene 
(PVDF), VITON A, polyethylene, polypropylene, an ethylene-propylene, and Nafion R. 
[0016] A continuation strand or each continuation strand is made of 1 or the second amorphous silica 
fiber beyond it. The number of the fiber in each strand changes with the thickness for which a web is 
asked, and applications using a web. The greatest die length of the second fiber is decided by the sense 
of the dimension of a web, and the continuation strand in a web. For example, from one edge of a web, 
the continuation strand may reach any other one edge, and may be extended on the same edge as it from 
one edge of a web. As for the die length of the second fiber, in any case, it changes with die length of a 
continuation strand. The diameter of the second fiber is 0.1-50 microns typically, and is 0.2-20 microns 
suitably. The final cross-section form of the strand in a web changes with the number of the fiber in a 
strand, a size, and final thickness of a web. 

[0017] a nonwoven fiber web - one step ~ law ~ or it can make by changing the continuous 
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manufacture approach like a paper manufacture method to continuation web formation. Water is made 
to distribute the first fiber as suspension preferably in both cases, and a slurry is made. Moreover, to this 
slurry, the polymer of a hydropbrilic property like a kind or the binder matter beyond it ("the first 
binder' 1 ), for example, polyvinyl alcohol, (PVA) is added if needed. This first binder may be the thing of 
the form of fiber. Homogeneity is made to once distribute in a liquid the first fiber and the first binder 
added if needed, and in order to make the layer of the nonwoven fiber web with which they were 
connected closely, it drains off water from the slurry obtained using a suitable mesh. One step of fiber is 
made to deposit on the mesh in the conventional manual sheet manufacture machine in the case of law. 
This deposition process is performed in order for every layer, and it introduces a continuation strand on 
the layer of the request made to already have deposited so that each strand or a strand group may be 
located in desired level within a final sheet. In making the continuous structure from making it deposit, 
controlling a slurry on the mesh belt which is moving, it introduces a continuation strand on the layer 
made to already have deposited at the suitable time in a deposition process so that each strand may be 
located in desired level within a web. The sheet made by one of approaches or a web is dried in oven, 
and the first binder is stiffened. If required, will put in into the solution of the finishing binder which 
may not be, it will be made to dry, this sheet or a web will be heat-treated if needed, even if the same as 
the first binder, and a finishing binder will be stiffened, case it is not desirable for the first binder to 
remain into the final web structure — this heat treatment ~ or the first binder may be removed by another 
suitable approach, it in addition, this heat treatment - or all the residues that are not desirable may be 
removed by another suitable approach. 

[0018] the second voice of this invention — it is the ion conductivity film which consists of a more 
nearly above-mentioned nonwoven web and the more nearly above-mentioned filler matter like, and the 
film characterized by this filler matter coming to contain an ion conductivity polymer is offered. Less 
than 200 micrometers of less than 100 micrometers of final thickness of the ion conductivity film of this 
this invention are less than 50 micrometers preferably suitably. 

[0019] To the application of a PEM fuel cell, an ion conductivity polymer is a proton conductivity 
polymer, and the example of such a polymer is well known to this contractor. Two or more sorts of 
proton conductivity polymers may exist, and/or a non-ion conductivity polymer can also be included in 
the new film of this invention. 

[0020] Although the following can be included in the proton conductivity polymer suitable for using for 
this invention, it is not limited to them. 

1) The polymer which has structure with the chain substantially fluorinated if needed in the side chain 
fluorinated substantially. These polymers contain the derivative of the derivative of the derivative of the 
derivative of a sulfonic group or a sulfonic group, a carboxylic-acid radical, or a carboxylic-acid radical, 
a phosphonic acid radical, or a phosphonic acid radical, a phosphate group, or a phosphate group, and/or 
the mixture of these radicals. Nafion R and the deflection myon R which are marketed by E.I.DuPont de 
Nemours (U.S. Pat. No. 3,282,875, No. 4,329,435, No. 4,330,654, No. 4,358,545, No. 4,417,969, No. 
4,610,762, No. 4,433,082, and No. 5,094,995), Asahi Glass Co., Ltd., and Asahi Chemical, respectively, 
and ASHIPU REXX R are contained in a fault fluorination polymer. As other polymers, there are some 
which are explained to each specification of U.S. Pat. No. 5,595,676 (Imperial Chemical Industries pic) 
and U.S. Pat. No. 4,940,525 (Dow Chemical Co.). 

2) S03H, P02H2, and P03H - the [ which is organic- functions-ized by 2, CH2P03H2, COOH, 
OS03H, OP02H2, and OP03H2 / international patent application ] - the [ WO 95/No. 08581 and ] - 
the fault fluorination which has an aromatic series ring [ like ] although indicated by each specification 
of WO 97/No. (Ballard Power Systems) 25369, or a partial fluorination polymer, a radiation - or the 
fault fluorination polymer by which the graft was carried out chemically is also contained, the bottom of 
existence of a monomer like the styrene which is organic- functions-ized and has an ion exchange group 
in such a polymer - the Pori fault fluorination chain, for example, PTFE, fluorinated-ethylene-propylene 
(FEP), tetrafluoroethylene-ethylene (ETFE) copolymer, tetrafluoroethylene-perfluoro-alkoxy (PEA) 
copolymer, and vinyl fluoride (PVF) and polyvinylidene fluoride (PVDF) — a radiation — or it activates 
chemically. 
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3) European Patent Oth 331 No. 321 and the 0th 345 Fluorination polymer which contains a 
macromolecule chain [ like ] with a saturation annular side chain radical, and at least one ion exchange 
group combined with the macromolecule chain through this annular radical although indicated by each 
specification of No. 964 (Imperial Chemical Industries pic). 

4) European Patent Oth 574 An aromatic series polymer which is indicated by each specification of No. 
791 and U.S. Pat. No. 5,438,082 (Hoechst AG), for example, a sulfonation poly aryl ether ketone, the 

[ international patent application ] - although indicated by WO 94/No. (Allied Signal Inc.) 16002 
specification, an aromatic series polymer like the polyether sulphone which can carry out a graft 
chemically is also contained in a polymer with ion-exchange functionality [ like ]. 

5) Styrene with which the polymer containing what is indicated by the U.S. Pat. No. 5,468,574 (Dais 
Corporation) specification which is not fluorinated, for example, a styrene component, was organic- 
fimctions-ized by the sulfonate radical, the phosphate group, and/or the phosphonic acid radical - 
(ethylene-butylene)- Styrene, styrene -(ethylene-propylene)- A hydrocarbon like styrene, an 
acrylonitrile-butadiene-styrene copolymer, and a terpolymer. 
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(74)«aiA 
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#a± -at (^3«) 








m&m\zm< 



(54) TRtt^T'f/t-^x!/ 



(57) imm] 

mm] *WiyT4s<-v^7\ 



> 



(2) 

1 

[#l*Fit*»«fill] 

ik $*vc ft s *>©-?*>?>, 

-*» fcU<tt*H6l±«>*K^b5>'Ka«, WIS** 

IfaSv' !> * ft3i££ A/T'ft 5 r t fcft* i i" 5 , *m 
[»#l2l !7 x/t leafed 4 jx-cv ^5 J*^^ h7> 

tt^^KW^frSftfctfy v-fctfLTft5, ft* 
JSl*fcH:2K:e*ro*ti**:7. 20 
4 ] JB - ©«flt<DiES*s o. i~50^ny 

It**:/. 

-giicfe*©^?^ 

v^t>©"t*fc5, ft*5 5 fclE® ©^Ffi * ^ :/„ 

[»**7] JStttilttf, 3 mm* ffi<Db 

(VX'foZ, ||*«5l:Et»Ta!?*^. 30 
[IS*«8] |f#:S 1 ~ 7 ©v^Tft^-^CEW©^ 

©*£^tf££felC#A,T'ft5, M*«8-10©^f 40 

[it 1 2 ] -a, t l < tt-tn£i±©«cK*sr^. 
fiiiTictt^^y * litter**] £ a-ifc t 

©T-fcS, 1 l-IH©©^ 

[ft*JSl 3] ft*98~l 2 ©V^-f ftj^-JllCfBfc© 
Kft*A/-Ctt6. ttSWttflMt. 

[If #If 1 4 ] ff*9 8~12©l ^-f tV^-IItCfEfc© 
M£"&A,-?ft6, BMWT-fcV^y-. 

[if** 1 5 ] if #JS 8-12 ©I ^ ft^-^lCiafi© 50 
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6] nt** i 3\ztz®<omm$immztA;x 

ft s> 

[M*«i 7] if*9i 4^E«roRWir-fe^y- 
£#A,T-ft5, 
[H^roi¥*BftlftBJ] 
[000 1] 

*S5Wtt, tt»ffiro*ttftft^ h7VKt*t 5tf«ft 
Sr-^A/T?ft5iem«T-fe>'yy-^B8i-5'troT$>5o 

[ooo2] ware 

ft, &tJ«giltS©ro©m}I£3tlc^A,Tft3t>© 

< 1 1 x « x. b tix ^ s * * y t mm 

ttftai^^^-Sr*ftfi<jft3i^^df-|iab*Wlc*» L 

fc, Xtf/OUi*l-*fctt£*fttmtfftfeftv\, ^© 

o*tn5m«i:«ttb-Cv^ftitniiftbftv^*«tt, 

-fa Y>#&m&1&mfo (PEMFC) (4, @^ 
S»*tt-?tta©^ftv^«*»4tt*i: LT. ^o, ®S 
ttllft^'fT'OjBfitfttfcS. PEMFCICfc^ 

xa. mm*7k%xfoti/ * s-^xhti, mM^it. 

[0 0 0 3] PEMFCtjoV^tt, ^S^T-feV^U 
- (MEA) t LT> Wt-o©««i:A»e,f^e)iifclA 

swi!:f±«s*»e)ft5to-e*)Sa<, s*«(c«s:o© 
Jl*»e>ftoTv^5 tot, -«WiwHt#i5wtai-e# 

5t>©-C'$>5„ gfS©mffiS/S©iIS$r^*S^l-, SS 
©*5©tJ©©Et^ K«iffij:lft«ffi0>tt«ftUK!O^n-? 



3 

rt£Z>bw*>Q* -tn^tiroJiii, 

fc'*- x t -T 5 A/T-v ^ 5 if Kit* 

«WMiJi«>»t:«SttCtt»LTV^< <fc 5 fcBmS 
J:5W:trS*vc^5. 5 *fi. Ifttf 

n. «*raux»«ii»6>i»««tatfii5. mrnxm. 

[0 0 0 4] MEAIi, Ho^o^ftti VUfriLXX 

V^5t©S:f^5r t#T*f So r 

Hot, h^eS*tt<DHfW8Sfcfctt*£fr*TM 

Tx ftfctS6»M«tKttCCMi:V5) ti»&MEA* 

[0 0 0 5] Kit PEMFC-^terogSI-fflVNSB 
-f^i'" (E. I. DuPont de Nemours and Co.) N T*S 

4*5t#tt) £ v * 5 ffi fi* X-IS5S £ ft T v % 5 ffl 7 y *< m 
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4 

(42 0 OmmWTt LX . fav^/vnj fy&M'&Zn 
T'f4, flU^/P ^100 mm*ii, L < (4 5 0 mm* 
hi"*:****. *fci«vv7p h^fciHtt&fcsafcilS 

b^?.o m©-^* (*?p) ^^mt-tuz-onx^. 

10 Dftcai&bas, Mlti, t L<ttttttEi:3t«rfr©IB 
515 if* # < KZZb&hZfrbXh 

£4 9, E*I<D*#^ (fl»Rl4 5 o o c m 2 4 9*# 
V*) MEASrla^-iZl-CS^lC, JS<£>®t)&V^;$>&?)5i 

[0 0 0 6] r^b©P5JaSrftiai-S^(c N %«-|ffflti& 

(«*.«> 3 5 0mm) ©Rfctt, ICij/^S©^ 

20 rn^v^ (PTFE) ©±5* r^nfcj M9MtfirJB. 

(4, P EMFCI:«V^ttt-f §*So 
W. L. Gore & Associates Inc. tCjRjg^ft/c^ll^ffr ^ 
5, 5 4 7, 5 5 l-^O^a#lc:i4, 7°d h^e^tt*" 

•ff5rt^5>45, 1**^2 5mmWT»^»S<7>1S-& 
^©MigfCO^TfettSftTV^o Kolde, et al. , Ele 
ctrochemical Society Proceedings, Vol. 95-23, p. 1 
93-201(1995) ic4ni4, C©^^Kl4, 

ic/h^ < . Lfri>^m£%mw%iz&&£tix\,^ 0 

L^L^C^b, :»WI±, i-7^^-^ R 1 17(7545 

mi&'pt£<bi>2®-&^ {<< ^>e#e^(svN) . 

[0 0 0 7] ±EK>*^BtoJt»Si^*v^v^5ri: 
i4. ifti LtroitttS:, ^oTm«ttHE^ID 
oti|4, H^f-f4> *ff&i-5*6fit/iyn h>"g^14)!«J; 
9 fc» ffl'&lgl4-fot-»<^(tni4^f 3 ncv^^5it 

ft, MEAffl^iCTS#ro-+fe^^'t4^ l 9®V^lco^ 

14, MEAia^scT^t, -Y^-^e^tt^y^-ttt^ 

50 tSft-fSo 



(4) 

5 

[ 0 0 0 8 1 E. I. DuPont de Nemours and Co. <0[I|gl 

*i#?FitjE!gwo 95/16730 ^-mmtiat. * b# 

/^AT-«S$^^-CV^^ l = LfrLtt&b* r^T't>> 10 
[0 0 0 9] PEMFC^, fiV^HcOfflii^ioV^T^ 

■BrT, LA^tStv^K (20 0 ?^o^T) I'-fSri: 

(4, 'fd-veSlttt^y^-SrSfcii^ ¥»7 7-f'< 

0i)<DX°hZ> (3 — oy^fFWJRIgO 8 7 5 5 2 
4A2t) „ PCT#!fffigl!gGB 9 9/0 2 9 3 5 
■S§\ M^GB 9 9/0 3 2 7 7 ^CD#fj^#|.lM^ £ 

ire J: 5, *»«jfcBI<o*H4«:, totLi» 
7&S K^SfeT7C*^M5t-r5l-(4, ±^m<D])-^ 

-y— A**rW»Litertini46/j;v\ y-A— y-A- 30 
wtuox-j- 5 CO £ t o*m<0 jg^ 

h (? = /) t LTf£5£>5#fc5. ±fEtoffl^ffltL 
TC« Ufc ASlttft fsCrW* 7 14, 6 #HJft« 

#<<Offl^lI*SV>TI4, U^iOO^nyyTOl 
14, ftfettftflgJ:!? t*v^r-f^<-l>*^t*it>b*b 

t\ 7 7 ^ /<- 7 1 /Off ^/jS 505^cyKTtJ)5 
t ^5 <0(4, ffittJ2j«B£#e# StL5ffiJil'(4£>BT*fe 

1iMirZ>Z.bX-hZ>, *^0J<osiJcob^!4, *55W«>7 

!>^/Sr7c*(^ L^kiSWT', *fci&*ffi-C*Mit1- 
5r t(0-C#5*-feSr, »4 L<l4m-(Ojgi!fet Lt 

U*»titiR*-C, *fcte¥«T*»it-r'5^cO*-fe 50 
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zmm-tz^tX'bZo 

[0 0 1 ol 

v- y #SB#I£^A/Tft 5 *S&:7 r -f •> * /"?£> o 

T, BlJEm-cO# a B B K->yi7^^x*-(6], y*|6], 4 

fc*Ktrt:fCz*|S!ifcEi«iiSixT4 9, A>o, j&SK 
io&sti-c**"?, rcn?, #*(oiiss:* h^vK^, - 
[ooii] ♦iBMtis^a^fflv^^fiK^y * 

14, ^ B B B R£0^t(4|SSU$tL5t(0T*fo5^, 

5^ B B B K<o->y*) i4, ^co, u<ii^«*nfc5 

[0012] t> L< f4-til^±©5iaft<C^ h 9 

^*K^{C5ptf(cmfe'btLTV^t(OT'fe'9, *fc-y- 

itm%Zff)teX h9VKT?fc5„ =.*, tL<f4^*lJW.t 
(O^ h9^ KSrl7x/W*aT(OSrttwS*iitf4|-&, 
#5itt^ h9VK^<0|SJti4*-(0»6-efooTt, h 
■7^->-cO^ICfc5«icCO»tT-feoTt, ^^"b 
C0,te^i3*T'fo c X t, X V \ 

[0 0 13] Jg-<Oi«*ff4, ftgSat, RVSKBIt, t L 

51(4ixStcO-efc5o *«*ttfi¥19**aS3mmJ:t) 
ftV^roffc^, 4fc*^C(0¥iSfi$f4 5 OmmtfcS 
(0^»ax*fe5o H^iCD<!ft H/^*&ft$(45~3 Om 
mffc5„ SS^t(OB:Sl4, A^6<3lc:t40. 2-2 5 5 
^cyffci), L<J42~2 0 5^o>-efc5o M 
mm tit. Jp^*^;iS3mm*?i, »5itCi4 2mm* 
«, #£L<(41mm£Ok(0-efe5o g»tt(Oft/hft$ 
14 5 0 $ 9 D^ffeot, ifiL<(41 0 0 5^n>"t- 
«>5. fi»»©a[a«:. AMW(C(40. l~20^n 
yT-fo 9 , L < {4 0 . 4 ~ 1 0 5 9 n yr*&5„ 
[0 0 14] ^&7r4'<— toWteit. 

-a, kL<&ztisi±<r>'U>y-y>) i x ( rttitf/< 

-T^^-J ) lc4oT* tfeibtvSo rcoAxfy^-^ 



(5) 

7 

(i) IM^teaitttfy -7- #yrF77 

jv^-xj^v^ (ptfe) , y 

fwy (FEP) . Z7 7ft#yf=yfV (PVD 

(i i) mz-iii-y-<* 

y K ) ; 10 
(i i i) 3D^^!I* ; Must 

(i v) z<r>t&<r>&mmm. &xr&m*wtitfo ma 
t l < ti-tn p> co fe e> * sn^-a-fe-fro 

t 0 0 1 5 ] iligS;*. h 9 y Ks t L < l4#ig«S* h7> 
tf. I*£t±«3l^l>7XKi5ji)5^ 4Httt*h 

otti^i (-r&fc>*> z protest) , -e^fccoifi^ 

•g-t3*-CfcoTtJ:v\ &%tx hyy Kf4, ¥<r>Z.ot£ 20 

£•*>*£, ^h7XK©SBCMltfc5*\ t>L< 
i47,h7yKlc^«^-ftfe5trot*fc-3tJ;i\ rco 
J: ^— co0!H4> ^y7F77yi-tnxfvy 

(PTFE) , 7yiftxf l/y-ynt-uy (FE 

p) , -yvittfV ^Dtv (pvdf) , hy 
A, *'!)xfi/y, ^^afyy, ai^-i^v-yp 30 

[0016] iSM* h y y K, t L < I4&31M* h 9 V 

ti< \tztiu±<Dm-<D0&'Xyy x®. 

JtT?-e#TV^-5o h7 ^ KtptO^SOfcli, 71^ 

5 0 -7^7'CO^fe. Stf* 

iSigc* h5y KI4, 7i7"«)-o«)|4>!), fijjco^-fft 

•ttiil^Dig:lc#U t TV , >T't. ±v 0 ivfftcD* 40 
fcfc, |gX<£«ifcDft£f4, a^h7yK»4^lii 
oTSfti. m~tom«ioa^i±. l~ 
50;7D ^T-fc 9 , ftmatO . 2~20;7nyC 

*>5„ t>*7*?<r>* hyymMtmtfytmwiismt, x 

[0017] 7FH&yT4y<~9^ytt. -Sfetcio 
x /Mil^f t § 1 1 1: J; o rff 5 : t iJi 5. 
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t LT#ffc£*-t*7!J-£f1;5„ :©X7!)- 
ttt, -9- tL< \tttiSk±ff>'Uyy—*1t ( rfg 

-ca/W^y-j ) v fisjitf/Ky tr^/wT/nj-^ (p 
va) <o£5tem.fr&<otfv-?-%:&mzfczxmii-r 

5. ^©!-©^-<y^-lt liftCD^CDfctOTfcoT 

#bti5*7y-£:@3J&^ •yv'a.&ffll^-CTk^-r 
5. -a«fe«>»-&ictt, H!3S«ro«ft 

g»tmtm\ H7^Kt>L<»4^ H7yKS# 

5„ l^TV^^ -y-y^^ hi:IIX7 !) -^ = y h p 

*>5Sro±t»^ Yyy KSr^Al-5„ t'hhfrWi 
mz.XOftbiniZ'y-L H<li7x7*^ TV 

- £ m ct-fco t t * < x i 4 ^tt±ff /<-f y^-to^ 

■7^^«3tff>p(ca5ro^a^L-< Jicv^»^ttt» rco 

m&mic 4 u % t l < 4 9 . 

^xy-*K5*LTt4V\ ^r^lciPx-T, ^C0»iM 

[0018] *^BJwmxtoffi«t4 9 , ±E«)Tlt^ 
i^t7^7-^)Sfi^^^5W^- ye*tt©Iffc o 
t» K7-f7-*ii^*ye#tt*H-^tA/f'i 

5rt^#mt1-5iK^a#k^ix5 0 zoXftWom- 

ymm&i&oMLi&tfitem&ti 2 0 0 n mmMs smiztt 

100 u m^m. & * L < 14 5 0 n m*«T*fc5„ 

[00193 PEMmPtmm.<oRim'ttLx\z, -<*y 

e^tt^U-7-l47°n hyfiitt^Dv-ffcot, - 
©£5fc*!>^-<Z>#lf4, a*#lcA<»b*tT^5. 
Xa«±©7't3 hVfi^14#y^-iiS#SLTV^T4 

<. &Tf/xte#y*y&m&#])-?-h*mw<D%Tm. 

[0 0 2 0] *^0^|Cffl^5W|CilUfc7 e n h Vfi^ttt 

#y^-tdf4WTWi(D£^fc5ri#-C-t5#, *it 

nmmzyymit£titzi%mmzi>^ffimzG-tz>xv 

1—, -ft,h<DtfV "^-(4, x;v*y^lt L<(4^yv 
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14, E. I. DuPont de Nemours (#B#frM 3 , 2 8 2, 
8 7 5t, £4, 3 2 9, 4 3 5f, $4, 3 3 0, 6 
5 4-§\ »4, 3 5 8, 54 5f, 14, 417, 96 
9^314, 6 1 0, 7 6 2-8-, 354, 4 3 3, 0 8 2 
-§\ £tf 35 5, 094, 9 9 5f), JfliS^ttefc^a. 

^05{t&£D7Xy-^-£ LTI4, *B4#?r!g5, 5 9 5, 6 

7 6 ■§■ (Imperial Chemical Industries pic) , RtJ^ 
H#1*F^4 > 9 4 0, 5 2 5^ (Dow Chemical Co. ) <D 

2) SOs H, POi H 2 , POi H 2 , CH 2 POa 
H 2 , COOH, OSOs H, OPO2 H2 , OPO3 

h 2 xsmfcZftr^z. BB4#rrmBS5wo9 5/0 

8 5 8 1 -S§\ StffWO 9 7/25369-8 (Ballard 
Power Systems) (D&mrW^si&ZlrLX^^ h<Z>V> 4 

xtfPTFE, 7 7iftif^V-/nfl/y (FE 
P) , x h57;^oif l/V-xf l/y (ETFE) 
=uKy-<7— , -r h y-^U7;i-tn7 
/Pa*?/ (PEA) n#y^-, 7y^hr=/v (P 
VF) , RlfitfV yyitV-V?^ (PVDF) tftk&t 

3) 3-cy/<#|F§0 3 3 1 3 2 1 -8, St^SO 
3 4 5 9 6 4-8" (Imperial Chemical Industries p 

lc) <B#8il«»fcffi«£ftT^3fci0©£5fc. <&fr* 

4) 5 7 4 7 9 1-5§\&U 5 #B 
!|#fF|g5, 4 3 8, 0 8 2-f- (Hoechst AG) W&SH&B* 

yW!)7y-/vx-7^Fy. B^#rFii3fii35wo 

9 4/1 6 00 2f (Allied Signal Inc.) 

!) v-|:ftf«|^7 7 h ft 5# JJ s--"f)V7.)Vit^y 

5) ^B'ftfF^S, 4 6 8, 5 74f (Dais Corporati 

on) w*asirgg^$nTv^t<osr-^tr7^ig{t:§nT 
fc, ^fwy- (ifi/y-7'fwy) -^fu^ 7. 
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6 ) *B#flF3S 5, 599, 639-8- (Hoechst Celane 
se Corporation) M^BS : ICg|^$ixTV''5 fc 

7) ^;*>-£&8£*-f 3±fe<mvfft;6><Dtf 

£, (SO. CI) S, tL<f±7y^k 

(SOj F) ST-g^LT, -trotfy-v— 
10 ^itJDXT*#5J: 9l-Lfct<7?o 7?ft^M-;v#!) 

i£#!4, «^.tf»p*5>»«> J: 5 *«§*«>^«felw J: 0 % * 

[0021] -«, t l < ntii&L±(D^ a-^tem&t 
zmntt-i *>&m&x y ^- im, ptfe, f 

EP« PVDF, >7V b>- R , MtfCltfy # 
20 U/ntVy, S^U^fyM^^yw-l-Ci^i 

[0022] 7"d TfMevMfi©-f * 

v\ dtf>4?&*°y-^-f4, W*.tfW«ttBK»5£±4T 

5o r=^-v^7Hy^-{4, -J&Wfcte, 7*n hve 
Stt*l -7-tfo5@^^tvfc^/v*v^5T-l4^<, 

t£»4, Wz_\i7- h7 7;^7y ; E-=7Al (-N + R 
30 3 ) ^, ^y-S^W h^7Wy^X R m (-N (R, ) 
(CH 2 ) , N + (R 3 ) ) tf©IH7y ; t-7AW' 
L*»l,fc#5>, ±IEW7 P n hy^H 
-f4-£T, Z^ty^llSsftSrtotOcSlibn 

So 

[0 0 2 3] #y-r-ii, *«©Jg-C^»7r-f^-l> 

40 jc— r/K 7t hy> rF7t Ka7?y 
(THF) , n-^f;yfa!) KX (NMP) , v>p< f- 
/U^/W**->K (DMSO) , -y/^/V^/UJ^T S. K 
(DMF) , -^f/y7t h7 5 K (DMA c ) , t> L 
< tt«[H^«»ro J: 547"dF SUt/XI4± 

6. 3-ny^»tt»0 731 5 2 OtnfttCG 

LV^£ V^ 9 rt^!5>ot t 
[0 0 24] ««5 + ^*fcR«^^l*a-ffii^•C, 7"n[-y 
50 <Bi£»K:fUffl^tefc»ffi**!*-*\ &t//Xtt3t«f#>P 



11 

Zk&hZo ¥^«t^ J 0. 0 0 1~1 0 nm. S?iL 
<li0. 0 1~5^m©, <sVU, ~mit^9>, IMfc 

^^©^J-C&S,, C©&:|**ff£, Wz-l£4*y& 

[0 0 2 5] Mil, ^7T^^-^^^^±fewi ? 

icl-c^ 1 ?, znmx'Uhtti-y'iKzmifi-rz^ t\c£v io 
m. «H£, fn»Jfes j±m&. k><-^ 

t L< fi Y9 *-zfu- Kferoi 5 ©&»7Jj£ 
rov^-f ft/Net t>fr 5 - ttfx*£Z> 0 J&wis «7 7 
^ v * y © (cffl v i: |5]t§l©«$ftg! 

[0 0 2 6] ±SEW«i»e>*6««E4ft« 

Bit, ^©KJt^ifcSrtltfc-rsfco-cfcS. #3§^©siJ 
©tgnii, ±iero^^^/uT'^5)KS«T-fe>yy-, 20 

5 k©T*fc5 0 

[0 0 2 7] #3gWi4, 5F*7r-f t>L< 
5ma^¥6*)^S, fcL<(«:©ftfe©$£B##3SW©@ 30 

ESgiKs *#-yffl P n a ^©;£Jrl;i:fctt5^W&*t. iSfe 

k eib¥^«^> RTfmm<omm^-£tiz> 40 

[0 0 2 8] 

[0 0 2 9] feSEI 1 
tyVM/vtZisy (Quartz et Silice BP, 521-777 

94 Nemours, Cedex, France© QC9/3 3 — 20mm 
947°) 0. 37gi, ->!I*^B77-<^- (John 
s Manville, Insulation Group, P0 Box 5108, Denver, 

CO, USh<DQ7 7-1 ' 1 0 4^-4* 7") 0. 18gt 50 
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i^JieSS-g-lfefc. fttfLfctffe* (3 0 00 cm 3 ) 

S^^fc-SiECJ:*), ->-hJ*?^8 (AB Lorentzen & 
Wettre, Box 4, S-163 93 Stockholm, SwedenCD^if &t) 
fcSCAS'-hjSjefcfcSfcSttrLfcfc©) T\ £ 
yJ58 5 5 cm 2 (IS 3 3cm) ©->— hiLT, #?L 
ttro*Mttft&# £tfso tz 0 -©#?L1t©^lltv— h ft 7 

<<ri6»e>*i/T\ i 5 o^T-asLfco 

[0 0 3 0] itfeffl 2 
WOm/vtzfDXWm (QC9/3 3-2 OmmM 
7*) 0. 37gt> ->JI*^B77^^- (Q774" 

104N71 0. 1 8 g 
Jt|!HF!l 1 ©4 5 l£ LT, v-- Mc^Lfco 
[00 3 1] r ©#?Ltt©»tv-- h tr, teMKi^T 
/H^^Lfc-^-^-f^-^" 1 1 OOEW<7)5%^ 
ftjj; (Solutions Technologies Inc., Mendenhall, PA 19 
357, USA) ^-7^^-^ R © 

ft***** 5 o. 7 8gi:/f5i5 fcfc* Ufco 

[0 0 3 2] flJ^EU 
WVm/vtli/yjjmm (QC9/3 3-2 0mmN 
7°) 0. 37gt, ->!)*5^D77-f^- (Q77-T 
/^- - 10 4^^7") 0. 18gi^b)lt5il^»S:, 
Jtsgt#Jl©<fc Mcj&ff2Lfc 0 ^TjbT- 

;U->U #© 2 01tfi%)§f£ (Ludox R AS40;DuPont Speci 
ality Chemicals, Havennummer 500,, Wilmington Stra 
at, 2030Antwerp, Belgium) frbt£Z>'<4 W— 

0. 1 g fcfcS±5 WMfLfc. 
r©->-hft!7^T^e>^LT. 1 5 OtT-JS^Lfco 
[0 0 3 3] ggjSffil 1 

(Quartz et Silice BP, 521-777 
94 Nemours, Cedex, FranceCO QC9/3 3 - 2 0 mm 
947°) 0. 185gt, ^n77^- (Jo 

hns Manville, Insulation Group, P0 Box 5108, Denve 
r, CO, USA©Q7r-^^— • 1 0 4947°) 0. 09g 
fc*»bft5«-&*Sr» SWLft*S&* (3 00 0 c 

m 3 ) #e>jxyiijB^**»6, itmmit 

®z-&mT°£iL&<Dimmtkmm&t:rf'otz 0 r©# 

?Ltt©a^t->- 7-rT±IC«Lfc**HLfe 0 - 
ii<75^;oE<V t r>y V (Quartz et Silice BP 52 

1-77794 Nemours, Cedex, FranceM©Quartzel yarn C9 
17Z20 QS13)£, ^i/Srffl^T#?Ltt©^i->- h<D$t 
M\Z0. 5 c mWPflPffit'SBgL., ^ttbir-^ft§to58 

#JSS<*«r**bfc. «Jt»aA/«f (QC9/ 
3 3-20mm^^7) 0. 185gt, ->U*^p 
7 74'<— (Q7r4 -1 0 4947°) 0. 09g 
i:A»e>*5*Jrojl'&*Sr, (3 0 0 0 c 

m 3 ) (C^fc^iir. -tixSr->-h^»««> + t*#*P> 



(8) 



2001-32162 



13 

£i±fc 0 ztDis—h&vjTfrbftLXs i sot-em 

[0034] mm * 

o. 5 cmCDfsmxi/v *^->*%^z£ii&<omm 

1 5 O^T-JSIfcLfco 

[0035] c (D^i^comm v— h ««aBfl»Kr 

(Solutions Technologies Inc., Mendenhall, PA 19 

357,usa) frbftz>'<4 yy-mm*. i-7^*> K <d 

0. 7 8gl:45i5i:*8Lt 0 
[0 0 3 6] jgfl&g!l3 

o. 5 cm©iw«-e^y *+-^*r*i"*#?Ltt^iiai 



14 



->y#<7)2 0ll%^i (Ludox R AS40; DuPont Specia 
lity Chemicals, Havennummer 500, Wilmington Straa 
t, 2030 Antwerp, Belgium) j6*fe45/<-Y >-^— 



* ~<D*s—Y&V4 TfrbftLX. 15 0ttl8U: 0 

[0037] jtttfl i - 3 , avn*« 1 - 3 -eftofc 

>— f**5>. £#2 0 mm ' 1 0 OmmCDx* hffl 

14, 0 0mmOftS*fp]^SE?iJ-f5J: 

SX^tttffcHoundsfield H5K-S Materials Testing Mach 
ine, 3fct5Jttt«l — 3KJtUTJ45N©o— K-fe/K 
1 ~ 3 LTf4 1 0 ONWP-Kt^SrfflV^ 

fi£T, »***-e*« (■f*tofe9l»3ME) "f 5^T* 
srfcSrS-rtarcfcofc. McXfcJj (i~tet> 

[0 0 3 8] 



ftfttSft(Pa~ 1 0 ) 



&ftc?7 (N) 



*|J3 



3 0 
3 0 

3 0 

4 5 
4 5 
4 5 



0. 

7. 

1. 
1 9 
4 0 
1 6 



0 6 

5 

1 



0. 

4. 

0. 
1 7 
3 6 
1 4 



0 3 5 
5 

6 6 



[0039] ttttWKox si-* woa^^y 

0. 06' 10 8 Pa, StfO. 0 3 5Ni^oft*t 30 

tc^Lfci 51^ I^CSS^y ^7^-^Sr0. 5cm 
ti^til 9'10 8 Pa, »tfl7Nk^5J:5C, 2 

y -;u&x& v&o<d \c+#m * * x ^as-e # fc„ 

[0 0 4 0] «1 5l-> Jt««2 2fct/3 

y^/M^^-Sr^^^f-^p-rst, xt/ 40 

>^-£^WUTl^*^:/<0^4, 9—/U-])—/i> 



©WfcfcatfcftAft, tn*ft7. 5'10 8 Pa, 
&t>*4. 5NTfe5o SI*«2IC:^T;i^*:*:/fc 
0. 5cm«^>!)^t-yS:JDt5t, ^tt^ 
i»tfc*#fRLbLt\ ^H^filA O'lO 8 Pa.M 

, W0. 6 6NT*fc5 0 **«3tS3 
l^TwO^my^o. 5 c m©IBH"C^5 #^T— ^Sr^D 
;t5i, *{*S**|*(K*j9SrtLhLT, ^ivpftl 6 ' 
1 0 8 Pa, XVI 4Nt45o 

[0041] /M^^-^r^-rs^^yi-vy 
aicfflv^bns y -a— y -^stttjars^a l 



Jttt«3^)l>* 
1' 10 B Pa 



7ny h^<-i/<DWt$ 



(9) 



12001-32162 



(51) Int. CI. 

H 0 1 M 4/86 
8/02 

8/10 



•8MB* 



F I 

HO 1M 4/86 
8/02 

8/10 



B 
P 
E 



MKn-, !^v\ A—*, 



